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Leaf RefIectance*NittogeibChlorophyn Relations Among 
Three South Team Woody Raaiehmd Plant Species 


leaf raflMtanoa within the 0.40* to 0.75-pm waveband is influenced primari- 
ly by chlorophyll (chi) pigments (2, 3, 13). Reflectance can be used to: evaluate 
turf color (3), estimate die nitrogen (N) status of sweet pepper leaves (14), 
measure amounts cf biomass or vegetation density (15, 16), and demonstrate 
leaf spectral and color4nfiraied Qlm image differences among shrubs and woody 
plant species (5, 8, b). 

Leaf reflectance measurements have not been used to estimate the N or chi 
status of rangeland plants. A pilot study (7) indicated that leaf N concentratibn 
of sis of seven rangeland grades decreased as the season progressed flom March 
to June or October. Visible light reflectance at the 0.35-/im wavelengdi of five of 
these spedes decreased as N concentration decreased; reflectance at this wave- 
lO^ngth is afbcted by chi concentration (13). In crop plants the leaf visible light 
reflectance increased (decreased chi) and was inversely correlated with leaf N 
concentration (2, 13). This difference between rangeland and crop plants may 
have been caused by variation in leaf maturation or senescence (11), effects of 
salinity on leaf chi concentration (6), or chi may have a different dependence on 
leaf N c<»tent (14). 

Our objective, therefore, was to make additional reflectaitce measurements to 
further evaluate their possible use to predict leaf N concentrations of three hi^- 
ly important south Texas rangeland woody plant species. The capabUity to 
estimate leaf N concentration using reflectance measurements would be a quick 
method of evaluating forage protein (N x 6.25) content, which is highly impor- 
tant for livestock and wildlife production. 
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MATERIALS AND METHODS 


Him woody plant spaciaa common on aouth Taut itngalandt, nomondatma 
aftar Comll and Johnston (4), waia uaad in this study: HaAbatiy (Caitii buvi- 
gttta Wiild.). honty masquita (Prosopb gUmduloaa Totr. aar.). and liaa oak 
(Qu*reu$ obfinkma Mill.)* Haekbany is a major qmiaa on bottomland ranfa 
dtas. Liat oak is abundant on deap sands and grows in formations raiding (tom 
dansa, uniform stands to firaquant thickats or motts in und«tbiuah. Honay mas> 
quita is a dominant spacias throughout tha ana and grows on a '"laty of situs 
(daap sands, sandy loams, day loams, haavy days). 

Laavas of thasa qiacias wara collaetad onca during spring (March) and onca 
during summar (July) to maasura thair ^Mctral radactanca and to datannina 
thair chi and N concantradons. Leaves from each of 12 trass of aaeh qtadas 
ware eollacted from all portion.* of tm canopies for both spring and summar 
measurements. Detached leaves were thoroudily mixed and endosed immediate* 
ly in ai^tight plastic bags and stored on ice to minimize dehydration during 
tranqjiort to the laboratory. 

At each collection, two leaves from each of the 12 trees of each plant n>eeies 
were used to measure qiectral reflectance. Total leaf chi and N concentrations 
(10) were determined in duplicates for each of the 12 trees of each spedas. The 
means of these measurements and determinations were usm) to represent each 
tree of each species. 

Total diffuse reflectance of upper (adazial) surface of singie leaves over the 
0.4 to 0.7-pm visible light waveband was measured with a Beckman Model 
DK-2A spectrophotometer, equipped with a reflectance attachment. (Mention of 
company name or trademark is for the readers* benefit and does not constitute 
endorsement of a particular product by the USDa over others that may be com- 
mercially available.) These data have been corrected for decay of the barium 
sulfate standard to give absolute radiometric data (1). Reflectance data given in 
this study are for the 0.55-/im wavelength because it is most sensitive to a change 
in leaf reflectance caused by a difference in pigment concentration (13). 

The t-test (12) was used to test statistical differences between means of leaf N 
and between leaf chi concentrations for spring and summer for each of the three 
plant species. Linear correlations of reflectance with leaf N end chi and N with 
chi were calculated. Deviations from linear regression were > tested. 

RESULTS AND DISCUSSION 


Leaf Reflectance 

The mean reflectance value for the limey.green colored leaves of the three 
woody plant species during spring was 16.4%. Leaf reflectance among the plant 
species showed that hackberry (17.6%) and mesquite (17.0%) were significantly 
higher than live oak (14.6%). In summer, the plant species leaves, which had be- 
come darker green, absorbed more light, thus significantly (p - 0.01) reducing 
the three species’ mean reflectance value to about 8.1%-a reflectance decrease cf 
50.6% from spring to summer. In summer leaf rcflectanee of hackberry (8.0%) 
and mesquiU (7.1%) were significantly lower than that of live oak (9.3%). 
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t^« f N and Cht ConcantnitipM 

— fablt 1 shows both spring and iummvr laaf N and dil conctntntiMU of the 
three woody plant species. Idesquite aud hackbeny had 94 and 37% hi^r N 
concentration in the spring and 132 and 84% higher N concentration in tiie 
summer, respectiveiy. than did live oak. Leaf N concentrations of hackberty, 
mesquite, and iive oak decreased 34, 41, and 50% fitom spring to summer, 
respectiveiy. 


Table 1. The ieaf nitrog<r : (!'/ and total chlorophyll (chi) concentration of 
the three woody ' .at species duti<ig the spring (March) and summer 
(July) of 1979. 


Nitrogen Chlorophyll 

Species Spring Summer Diff. Summer Sprinp Diff. 







-Mg/g.- 


Hackberry 

3.93 

2.61 

1.32* 

2.91 

1.78 

1.13* 

Live Oak 

2.87 

1.42 

1.45* 

1.73 

1.01 

0.72* 

Mesquite 

5.57 

3.29 

2.28* 

2.28 

0.90 

1.38* 

Mean 

4.12 

2.44 


2.31 

1.23 



* Significant at the 1% probability level. 


Leal chi concentration was highest tor hackberry in both ^ring and summer. 
Hackberry leaves had 68 and 28% higher leaf dil concentrations than did live 
oak and mesquite in summer, respectively; whereas, in spring, leaf chi concent 
trations were 76 and 98% higher, respectivriy. Fr«n spring to summer, leaf chi 
concentrations of hackbeny, mesquite, and live oak increased 63, 71, and 153%, 
lespectivdy. 

Leaf Reflectance vs N and Chi Concentrations 

Linear correlatioas of reflectance with N and chi, and N with chi were not 
statistically significant (p " 0.05) for the three species in the spring, except for 
hackberry which had a 0.38 coefficient of determination for the correlation of 
reflectance with N. The other coefflcients of determination were below 0.19. In 
summer, no correlations were statistically significant (p ~ 0.05) for any of the 
three woody plant species. The coefflcients of deter^nation were all below 
0.31. The deviations from linear regression were not statisUeally significant. 

The relabonship between leaf reflectance and leaf N and chi concentiatio.is, 
however, showed that the leaf reflectance was pontively related to leaf N con- 
centration and inversely related to leaf chi concentration. For example, during 
spring leaf reflectances and N concentxatioiu were high but leaf chi 
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conctntratioiu wtit low; whtttai, In summtr Ittf nfitctancM and N ememtn* 
tiont wti* low but dtl concantntions wtia hi^. Thtit fiiHUnfi mbftantiated 
mults bom our pitvioui pQot study (7) sinct woody spodts'loaf N eoncantra* 
tions do not agiM with crop plant itsults whait itflwtanot wu InTtnaly cor* 
rtlattd with Uaf N concentration (14). However, aeewtUng to our reeutts, leaf 
spectral lefiectance measurements cannot be used to predict leaf N concentia* 
don for woody plant species. 
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